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0DQ\ IHDWXUHV RI WKH IUHLJKW ZDJRQVWUDLQV GLIIHU VXEVWDQWLDOO\ IURP WKRVH RI WKH SDVVHQJHU
FRDFKHVWUDLQV$VDUHVXOWVKDULQJWKHVDPHWUDFNDIIHFWVGLUHFWO\RULQGLUHFWO\WKHGHVLJQFRQVWUXFWLRQ
RSHUDWLRQ DQGPDLQWHQDQFH RI D UDLOZD\ V\VWHP ,Q WKLV FRQWH[W WKLV SDSHU HYDOXDWHV TXDOLWDWLYHO\ DQG
TXDQWLWDWLYHO\ WKH HIIHFW RI VRPHRI WKH DERYH IHDWXUHVRQ WKH FRPSRQHQWV DQG HOHPHQWV RI WKH UDLOZD\
V\VWHPDQGSURYLGHVFRVWHOHPHQWV IRU WKHFRQVWUXFWLRQRID UDLOZD\ LQIUDVWUXFWXUHFRQVLGHULQJGLIIHUHQW
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 IRU IUHLJKW WUDLQV WKH WUDFN
PDLQWHQDQFHFRVWLVPXFKJUHDWHUWKDQWKDWIRUSDVVHQJHUWUDLQVWKHDOLJQPHQWLVGHWHUPLQHGE\WKHGHVLJQ
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0DQ\ IHDWXUHV RI WKH IUHLJKW ZDJRQVWUDLQV GLIIHU VXEVWDQWLDOO\ IURP WKRVH RI WKH SDVVHQJHU
FRDFKHVWUDLQV 7KLV IDFW KDV DQ LPSDFW RQ WKH GHVLJQ FRQVWUXFWLRQ RSHUDWLRQ DQG PDLQWHQDQFH RI D
UDLOZD\V\VWHP
,QWKLVFRQWH[WWKLVSDSHU
x UHFRUGV WKH IHDWXUHVRI WKH IUHLJKWZDJRQVWUDLQV WKDWGLIIHU VLJQLILFDQWO\ IURP WKRVHRI WKHSDVVHQJHU














































99 WUDLQVSHHGIRU4 WDQG4 W
:]I VWDWLFPRPHQWRILQHUWLDUHODWLYHWRUDLOIRRWLQP
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
$[OHORDG±WUDFNLQFOLQDWLRQ
)RUPXOD  H[SUHVVHV WKH UHODWLRQ WKDW HQVXUHV WKHPRWLRQ RI D WUDLQ DIWHU D VWRS LQ D VORSHZLWK D
JUDGLHQWL

















































































KHDY\GDLO\ WUDIILF ORDGDFP WKLFNEDOODVW OD\HU LV UHTXLUHG ,I WUDIILF LV OLJKW DFP WKLFNEDOODVW
OD\HULVDGHTXDWH
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'DLO\WUDIILFORDG±PDLQWHQDQFHUHTXLUHPHQWV


































































































95F        
,Q ILJXUH  LV GHSLFWHGE\ WKH DXWKRUV WKHPLQLPXPSHUPLWWHG KRUL]RQWDO FXUYDWXUH UDGLXV5FPLQ DV D
IXQFWLRQRIWKHPD[LPXPSHUPLWWHGODWHUDOUHVLGXDOFHQWULIXJDODFFHOHUDWLRQȖQFPD[IRUPD[LPXPDOORZHG
WUDFNFDQW8PD[ PPDQGIRUWZRYDOXHVRI9PD[ NPKDQGNPK
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'HGLFDWHGIUHLJKWWUDLQVHUYLFHZLWKXQLIRUPVSHHG9PD[ NPK8PD[ PPȖQFPD[ PV
QRG\QDPLFODWHUDOFRPIRUWLVVXHLQIUHLJKWWUDLQV,PD[ PPGHULYLQJIURPIRUPXOD
0L[HGWUDLQRSHUDWLRQZLWK9PD[ NPK9PLQ NPK8PD[ PPȖQFPD[ PV,PD[ 
PPPD[LPXPDOORZHGFDQWH[FHVVǼPD[ PP
7KHIROORZLQJPLQLPXPKRUL]RQWDOFXUYDWXUHUDGLLDUHGHULYHGUHVSHFWLYHO\5FPLQ P5FPLQ 






GLDJUDPD VSHHG LQFUHDVH OHDGV WRD UDLOSURILOHZHLJKW LQFUHDVH IRU WKH VDPHD[OH ORDG7KHVDPH UDLO
ZHLJKWLVUHTXLUHGIRUIUHLJKWWUDLQVZLWKWD[OHORDGDQG9 NPKDQGIRUSDVVHQJHUWUDLQVZLWK
WD[OHORDGDQG9 NPK
,WPXVWEHVWUHVVHG LQ WKLVSRLQW WKDWDFKLHYLQJKLJKVSHHGVUHOLHVKHDYLO\RQHQVXULQJUHWDLQLQJ WUDFN




&RQVLGHULQJ WZR UDLOZD\ WUDFNVZLWK WKH VDPHGDLO\ WUDIILF ORDGZKHUH WUDLQVDUH URXWLQJZLWKHTXDO
D[OHORDG%DVHGRQIRUPXOD/LFKWEHUJHULWFDQEHGHULYHGWKHLQIOXHQFHRIWUDLQVSHHGRQWKH
YROXPHRIPDLQWHQDQFHZRUNVDQGRQUHOHYDQWFRVWUHVSHFWLYHO\























































































)URP ILJXUH  LW FDQ EH GHULYHG WKH LQIOXHQFH RI WUDLQ VSHHG RQ PDLQWHQDQFH ZRUN YROXPH IRU
SDVVHQJHUVDQGIRUIUHLJKWWUDLQV
LH WKHPDLQWHQDQFHZRUNYROXPHIRUDSDVVHQJHUGHGLFDWHGWUDFN4 WDQG9 NPKLWFDQEH






DOO WUDLQV UHVXOWLQJ IURP SURSRUWLRQDO GHFUHDVH RI WKHLU VSHHG OHDGV WR D FDSDFLW\ UHGXFWLRQ $V DQ
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FRVWV DV LQLWLDOPDLQWHQDQFHZRUNPDQDJHPHQW UHURXWLQJ RI URDGV LQWHULP ILQDQFLDO FKDUJHV HWF7KH
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PLOOLRQHXURNPRIOLQHLQFOXGHGWKHFRVWRIWUDFNFRQVWUXFWLRQUDLOVVOHHSHUVHWFHOHFWULFWUDFWLRQ
V\VWHP VLJQDOLQJ DQG UDLOZD\ VWDWLRQV ZKHUH WKH LQIUDVWUXFWXUH FRVW ZDV DSSUR[LPDWHO\ 
PHXURVNPRIOLQHRIWKHWRWDOSURMHFW
x )UHLJKW GHGLFDWHG FRUULGRU WZR WUDFNV ZLWK WKH IROORZLQJ WHFKQLFDO FKDUDFWHULVWLFV 9PD[   
NPK5FPLQ P LPD[ ÅW\SLFDO IRU IUHLJKW GHGLFDWHG OLQHV%DVHGRQ IRUPXODH ZH
GHULYHDFRQVWUXFWLRQFRVWRIUDLOZD\LQIUDVWUXFWXUHRIDSSUR[LPDWHO\PHXURVNPIRUDGRXEOH
WUDFN OLQH 7KH FRQVWUXFWLRQ FRVW RI %HWXZH OLQH LQ1HWKHUODQGV 9  NPK ZDV PLOOLRQ
HXURNPRIOLQHLQFOXGHGWKHFRVWRIWUDFNFRQVWUXFWLRQUDLOVVOHHSHUVHWFHOHFWULFWUDFWLRQV\VWHP
VLJQDOLQJDQGUDLOZD\VWDWLRQVZKHUHWKHFLYLOWKHLQIUDVWUXFWXUHFRVWZDVPHXURVNPRIOLQH
x 0L[HGFRUULGRUWZRWUDFNVZLWKWKHIROORZLQJWHFKQLFDOFKDUDFWHULVWLFV9PD[ NPK9PLQ 
NPK5FPLQ PLPD[ ÅW\SLFDOIRUPL[HGWUDIILF%DVHGRQIRUPXODHZHGHULYHD
FRQVWUXFWLRQFRVWRIUDLOZD\LQIUDVWUXFWXUHRIDSSUR[LPDWHO\PHXURVNPIRUDGRXEOHWUDFNOLQH
7KHH[SHFWHGFRQVWUXFWLRQFRVWRI LQIUDVWUXFWXUHRI/LDQRNODGL 'RPRNRV OLQH LQ*UHHFH 9 
NPKLPD[ ÅLVPLOOLRQHXURNPRIOLQH














































¾7KH FRQVWUXFWLRQ FRVW RI LQIUDVWUXFWXUH IRU D W\SLFDO IUHLJKW GHGLFDWHG FRUULGRU LPD[ Å LV
JHQHUDOO\ KLJKHU WKDQ RI D PL[HG WUDIILF FRUULGRU LPD[ Å DSSUR[LPDWHO\  WR 
KLJKHU
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x 0DQ\ IHDWXUHV RI WKH IUHLJKW ZDJRQVWUDLQV GLIIHU VXEVWDQWLDOO\ IURP WKRVH RI WKH SDVVHQJHU
FRDFKHVWUDLQV
x 7KH GLIIHUHQW IHDWXUHV RI SDVVHQJHU DQG IUHLJKW WUDLQV KDYH D VLJQLILFDQW LQIOXHQFH RQ WKH GHVLJQ





97UDLQ WUDIILF VFKHGXOH GLDJUDP PXVW LQFOXGH WUDLQV UXQQLQJ DW GLIIHUHQW VSHHGV ZLWK ZKLFKHYHU
FRQVHTXHQFHWRWKHWUDFNFDSDFLW\






97KH FRQVWUXFWLRQ FRVW RI LQIUDVWUXFWXUH IRU D W\SLFDO IUHLJKW GHGLFDWHG FRUULGRU LV JHQHUDOO\KLJKHU
WKDQRIDW\SLFDOPL[HGWUDIILFFRUULGRU

0L[HG QHWZRUNV VDWLVI\ SULPDULO\ SDVVHQJHU WUDQVSRUWDWLRQ 6R WKH IHDWXUHV RI SDVVHQJHU WUDLQV
SUHGRPLQDWHRQWKHFRQVWLWXHQWVRIDUDLOZD\V\VWHPDQGLQH[WHQGRQWKHFRQVWUXFWLRQFRVWRIDUDLOZD\
SURMHFW2Q WKH RWKHU KDQG WKH LQFUHDVLQJ QHHGV RI FDUJR WUDQVSRUWDWLRQ OHDGV WKH FDSDELOLWLHV RIPL[HG
FRUULGRUVLQH[WUHPHFRQGLWLRQV7KLVVLWXDWLRQFRPELQHGZLWKWKHVLJQLILFDQWGLIIHUHQFHVRISDVVHQJHUDQG
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DHURG\QDPLF UHVLVWDQFH WUDFN FDSDFLW\
FRQVHTXHQFHVLQFDVHRIDFFLGHQW
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,QFUHDVH RI  WUDFN GHVLJQ VWDWLF ORDG WUDLQ
EUDNLQJ GLVWDQFH WUDFN JHRPHWU\ GHIHFWV
GHWHULRUDWLRQUDWHWUDLQUXQQLQJUHVLVWDQFH
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